Introduction {#sec1_1}
============

Hypertension (HT) is one of the major risk factors for cardiovascular diseases and is closely related to adverse events such as stroke, myocardial infarction and cardiac failure \[[@B1]\]. Despite modern antihypertensive therapies, in 10-35% of HT patients, blood pressure (BP) remains high or is barely controlled with combination therapy \[[@B2]\]. These patients are classified as having resistant hypertension (RH) and have a higher risk of complications. Hyperactivation of the renin-angiotensin system (RAS) has been suggested as the major mechanism of RH \[[@B3]\].

Recent studies \[[@B4],[@B5],[@B6],[@B7]\] have revealed the correlation of 25-hydroxyvitamin D deficiency with various diseases such as coronary artery disease, heart failure, contrast-induced nephropathy and diabetes mellitus. Vitamin D receptors are broadly expressed by cardiovascular tissues such as endothelial cells, cardiomyocytes and vascular smooth muscle cells and play a role in renin gene expression \[[@B8],[@B9]\]. Although a few studies \[[@B10],[@B11]\] investigated 25-hydroxyvitamin D levels in the HT population, the correlation of 25-hydroxyvitamin D levels in patients with RH has not been studied before. Hence the objective of this study was to investigate the possible correlation between 25-hydroxyvitamin D levels and RH.

Subjects and Methods {#sec1_2}
====================

Study Population {#sec2_1}
----------------

This is a cross-sectional prospective trial conducted at the Hypertension Outpatient Clinic of Okmeydanı Training and Research Hospital, Istanbul, Turkey, from September 2013 to April 2014. In total, 150 subjects were included in the study. The participants were allocated to three groups: an RH group (n = 50), a controlled hypertension (CHT, n = 50) group and a normotensive (NT, n = 50) group.

The following data were collected: socio-demographic details, medical history, risk factors, family history, antihypertensive drugs and accompanying therapies (non-steroidal anti-inflammatory drugs, steroids and oral contraceptive pills). Non-compliance with therapy was assessed for each patient by pill count, patient self-report and also their relatives. Height (in metres) and body weight (in kilograms) were measured to calculate body mass index (BMI, kg/m^2^). A semiquantitative questionnaire adapted from the Cross-Cultural Activity Participation Study was used to classify the physical activity status of the subjects \[[@B12]\].

Exclusion criteria were secondary HT, any disease of bone metabolism, primary hyperparathyroidism, abnormal liver function (an elevation of transaminase level of more than 3 times the upper limit of normal), chronic kidney disease (estimated glomerular filtration rate, eGFR \<60 ml/min/1.73 m^2^), gastrectomy, intestinal malabsorption and cancer or vitamin D supplementation. The Institutional Ethics Committee approved the study according to the Declaration of Helsinki and written informed consent was obtained from all the participants.

Measurement of Office and Ambulatory BP {#sec2_2}
---------------------------------------

BP was measured in a quiet environment with a mercury sphygmomanometer with the patient in a sitting position after 5 min of rest. Systolic and diastolic BP were defined with Korotkoff phase I and V sounds, respectively. The mean of three different readings measured at 5-min intervals was recorded. For each patient, 24-hour ambulatory blood pressure measurements (ABPM) were performed with a Contec PM50 device. ABPM were performed at 15-min intervals between 7 a.m. and 11 p.m. and at 30-min intervals between 11 p.m. and 7 a.m.

Subjects who had suboptimal BP control (\>140/90 mm Hg for office BP or \>135/85 mm Hg for mean ambulatory daytime BP) despite using 3 antihypertensive agents including a diuretic or need for 4 or more drugs to control BP were allocated to the RH group \[[@B2]\]. Patients who had office or mean ambulatory daytime BP below these values with 3 or less antihypertensive drugs were allocated to the CHT group. Patients who did not use any kind of anti-hypertensive drug and whose office BP and ambulatory BP were normal constituted the NT group. White-coat HT was defined as the occurrence of BP values higher than normal when measured in the medical environment, but within the normal range during daily life. Masked HT was defined as a clinical condition in which a patient\'s office BP level is \<140/90 mm Hg but ambulatory or home BP readings are in the hypertensive range. To exclude white-coat and masked HT, ABPM and office measurements were evaluated together.

Laboratory Evaluation {#sec2_3}
---------------------

For routine biochemical measurements, venous blood samples were obtained after 12-hour fasting. Serum vitamin D levels were measured using the high-performance liquid chromatography method and a Zivak ONH 100 A device. Values \<20 ng/ml (\<50 nmol/l) were considered very low, values between 21 and 29 ng/ml (51-74 nmol/l) were considered low, and values \>30 ng/ml (\>75 nmol/l) were considered normal \[[@B13]\]. Serum parathormone (PTH) levels were measured using radioimmunoassay technique and a level of 10-65 pg/ml was considered normal. The study was conducted during the winter season to minimize the effect of seasonal variation in 25-hydroxyvitamin D levels.

Statistical Analysis {#sec2_4}
--------------------

The continuous variables were expressed as means ± standard deviation for parameters with normal distribution and medians (interquartile range) for parameters without normal distribution, and categorical variables were expressed as numbers and percentages. Analysis of normality was performed using the Kolmogorov-Smirnov test. ANOVA tests were used for the comparison of continuous variables between the three groups followed by Tukey\'s test. The χ^2^ test was used to compare categorical variables between the groups. Pearson\'s correlation was used to analyse the relationship between continuous variables. Multivariate logistic regression analysis was performed to determine the independent correlates of RH. A power analysis (GPower program) \[[@B14]\] was conducted with an effect size set to 0.25 (medium effect size), and the α level set to p \< 0.05. A total number of 146 subjects should be recruited to the study to reach an acceptable statistical power of 0.80. The receiver operating characteristic (ROC) curve was used to show the sensitivity and specificity of 25-hydroxyvitamin D and the optimal cut-off value for predicting RH. The SPSS 17.0 for Windows (SPSS Inc., Chicago, Ill., USA) software package was used in all analyses, and a two-sided p value \<0.05 was considered significant.

Results {#sec1_3}
=======

The demographic characteristics, BP measurements and medications used are summarized in table [1](#T1){ref-type="table"}. The frequency of gender differences, age and BMI were not different between the study groups. The office systolic and diastolic BP, the ambulatory systolic and diastolic BP measurements were higher in the RH group (office: 137.7 ± 10.8/88.5 ± 14.1 mm Hg, ABPM: 132.3 ± 11.4/83.6 ± 12.1 mm Hg) than in CHT (office: 126.5 ± 6.8/72.5 ± 9.5 mm Hg, ABPM: 124.3 ± 5.2/74.3 ± 8.1 mm Hg) and NT groups (office: 125.8 ± 6.2/71.6 ± 8.2 mm Hg, ABPM: 118.2 ± 5.4/70.8 ± 6.3 mm Hg; p \< 0.001, p \< 0.001, p = 0.021 and p = 0.013, respectively). The mean number of anti-hypertensive drugs used was significantly higher in the RH group (3.9 ± 0.4) compared to the CHT group (1.72 ± 0.7, p \< 0.01). The use of an angiotensin receptor blocker, beta-blocker and diuretics in the RH group was significantly higher when compared to the CHT group \[angiotensin receptor blocker: 28 (56%) vs. 16 (32%), p = 0.013; beta-blocker: 30 (60%) vs. 18 (36%), p = 0.014; diuretic: 50 (100%) vs. 17 (34%), p \< 0.001, respectively; table [1](#T1){ref-type="table"}\]. There was no statistical difference between RH and CHT groups regarding the frequency of angiotensin-converting enzyme inhibitor, calcium channel blocker, alpha-blocker, non-steroidal anti-inflammatory drug and statin use. Patients in both RH and CHT groups were highly compliant with the medical therapy without a significant difference (98 vs. 96%, respectively, p = 0.55).

The biochemical parameters of the study groups are given in table [2](#T2){ref-type="table"}. The 25-hydroxyvitamin D level was significantly lower in the RH group compared to CHT and NT groups (17.02 ± 5.4, 24.9 ± 4.8, and 28.0 ± 5.7 ng/ml, respectively, p \< 0.001). PTH level was not statistically different between RH, CHT and NT groups (39.2 ± 9.8, 37.7 ± 8.1, and 38.8 ± 7.8 pg/ml, respectively, p = 0.652).

Univariate correlation analysis showed that 25-hydroxyvitamin D levels were negatively correlated with office systolic BP (r = −0.329, p \< 0.001), office diastolic BP (r = −0.395, p \< 0.001), systolic ambulatory BP (r = −0.844, p = 0.004), and diastolic ambulatory BP (r = −0.567, p = 0.005; table [3](#T3){ref-type="table"}). However, 25-hydroxyvitamin D levels were not significantly correlated with PTH levels (for RH, r = −0.268, p = 0.06; for CHT, r = −0.175, p = 0.195; for NT, r = −0.124, p = 0.319). Multivariate regression analysis showed that 25-hydroxyvitamin D levels remained as the only independent correlate of RH in the study population (β 0.660, 95% CI 0.572-0.760, p \< 0.001; table [4](#T4){ref-type="table"}).

The ROC curve analysis performed to assess the predictive value of 25-hydroxyvitamin D for RH and using 21.50 ng/ml optimal cut-off value of 25-hydroxyvitamin D for RH gave a sensitivity of 78% and a specificity of 79% (AUC = 0.89, 95% CI 0.83-0.94; fig. [1](#F1){ref-type="fig"}).

Discussion {#sec1_4}
==========

In this study, 25-hydroxyvitamin D levels were significantly lower in patients with RH than in CHT and NT patients. In addition, patients with CHT had lower 25-hydroxyvitamin D levels than NT subjects. This relationship was observed regardless of age, BMI, PTH and calcium levels.

In this study, there was no significant correlation between PTH levels and RH but previous studies revealed that there was a relationship between either high serum PTH levels and/or elevated BP \[[@B15]\] and HT development \[[@B16],[@B17]\]. Therefore, our study is not in line with the studies which show secondary hyperparathyroidism as one of the reasons why vitamin D deficiency causes BP to increase. Our finding that lower 25-hydroxyvitamin D levels are associated with RH independent of PTH levels confirmed those of previous studies \[[@B18],[@B19]\]. He and Scragg \[[@B18]\] reported an inverse correlation of 25-hydroxyvitamin D levels and a positive correlation of PTH levels with systolic and diastolic BP. However, in multivariate regression analysis only PTH levels were found to be independently correlated with BP. He and Scragg \[[@B18]\] concluded that PTH may mediate most of the association between 25-hydroxyvitamin D levels and increase in BP. However, Zhao et al. \[[@B19]\] determined that 25-hydroxyvitamin D levels are associated with BP and incidence of HT and pre-HT independent of PTH measurements. In addition, an independent association of vitamin D levels with carotid intima media thickness has been shown, which was not present with PTH levels \[[@B20]\]. There are also some factors that influence PTH levels such as daily intake of calcium, phosphate and sodium. However, it is hard to investigate the effect of these parameters on PTH levels and BP \[[@B21],[@B22]\].

RH worsens the prognosis of hypertensive patients, leading to higher rates of end organ damage such as left ventricular hypertrophy, microalbuminuria, kidney failure, endothelial dysfunction, carotid artery stiffness, and atherosclerosis \[[@B23]\]. Pathophysiology and precipitating factors of RH have not been clearly established \[[@B24]\], but it is believed that the pathophysiology is multifactorial and RAS plays a major role. Overactivation of the RAS and aldosterone production is generally recognized in severe HT and in the accelerated phase of HT \[[@B25]\]. Salt- and volume-independent RAS up-regulation (detected as increased levels of renin and angiotensin II levels) and cardiac hypertrophy were determined in vitamin D receptor-null mice \[[@B26]\]. However, in the same study, a stimulation of renin expression in cells either treated with PTH or transfected with the PTH receptor was not observed. Similarly, the independent effect of vitamin D on RAS in humans has been shown by Forman et al. \[[@B27]\]: lower 25-hydroxyvitamin D levels were associated with increased levels of angiotensin II and inadequate response of renal blood flow to angiotensin II in a population of NT subjects with strictly controlled dietary conditions. In several cross-sectional studies, a negative correlation between 25-hydroxyvitamin D and BP has been shown \[[@B11]\]. In some prospective trials, lower 25-hydroxyvitamin D levels were found to be an independent predictor of HT after adjustment for the confounding factors such as demographic properties and PTH levels \[[@B10],[@B28]\]. This association could partially explain the pathophysiology of the association of lower 25-hydroxyvitamin D levels and RH.

Despite broad epidemiological data that describe the relationship between vitamin D deficiency and arterial HT \[[@B29]\], it is still not clear whether or not vitamin D status has an influence on the therapeutic reduction of BP. Beneficial effects of vitamin D supplementation on vascular health especially in diabetic patients have been reported.

In a double-blind placebo-controlled trial, a single large dose of vitamin D (100,000 IU vitamin D~2~) significantly decreased systolic BP by 14 mm Hg compared with placebo \[[@B30]\]. Witham et al. \[[@B31]\] have shown that a higher dose of vitamin D~3~ (200,000 IU) is associated with better lowering of systolic BP when compared with a lower dose of vitamin D~3~ (100,000 IU) and placebo in patients with type 2 diabetes mellitus. However, it is not clear whether vitamin D supplementation is beneficial in the general population for the treatment of HT.

The limitations of our study include its cross-sectional design with a relatively small sample size and the fact that data regarding the therapeutic use of vitamin D supplementation in HT patients could not be obtained. Also, the daily intake of calcium and phosphate, which may influence vitamin D and PTH levels, was not investigated.

Conclusion {#sec1_5}
==========

In this study, there was an independent correlation between lower levels of 25-hydroxyvitamin D and the presence of RH. Although it is hard to explain the pathophysiological mechanism of RH and 25-hydroxyvitamin D deficiency, our findings support previous studies about the possible clinical use of vitamin D deficiency and development of HT. Further studies are warranted to investigate the therapeutic use of vitamin D supplementation in patients with RH.

Disclosure Statement {#sec1_6}
====================

None.
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###### 

General characteristics of RH, CHT and NT groups

                                     RH (n = 50)       CHT (n = 50)      NT (n = 50)       p
  ---------------------------------- ----------------- ----------------- ----------------- ---------
  Age, years                         60.8 ± 8          62.06 ± 8         61.2 ± 7          0.744
  Female/male, n (%)                 28 (56)/22 (44)   30 (60)/20 (40)   27 (54)/23 (46)   0.827
  BMI                                27.01 ± 2.9       27.4 ± 2.6        26.8 ± 2.8        0.524
  Systolic BP (office), mm Hg        137.7 ± 10.8      126.5 ± 6.8       125.8 ± 6.2       \<0.001
  Diastolic BP (office), mm Hg       88.5 ± 14.1       72.5 ± 9.5        71.6 ± 8.2        \<0.001
  Systolic BP (ABPM), mm Hg          132.3 ± 11.4      124.3 ± 5.2       118.2 ± 5.4       0.021
  Diastolic BP (ABPM), mm Hg         83.6 ± 12.1       74.3 ± 8.1        70.8 ± 6.3        0.013
  Physical activity (MET-min/week)   7.1 ± 2.5         7.7 ± 2.6         7.4 ± 2.4         0.528
  Medications, n (%)                                                                       
   ACEI                              39 (78)           34 (68)                             0.184
   ARB                               28 (56)           16 (32)                             0.013
   Beta-blocker                      30 (60)           18 (36)                             0.014
   CCB                               29 (58)           20 (40)                             0.191
   Alpha-blocker                     13 (26)           6 (12)                              0.062
   Diuretic                          50 (100)          17 (34)                             \<0.001
   Statin                            7 (14)            9 (18)                              0.393
   NSAID                             16 (32)           15 (30)                             0.5

Values are presented as means ± SD unless specified otherwise. ACEI = Angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; CCB = calcium channel blocker; MET = metabolic equivalent of task; NSAID = non-steroidal anti-inflammatory drugs.

###### 

Biochemical parameters of RH, CHT and NT groups

                               RH (n = 50)    CHT (n = 50)   NT (n = 50)    p
  ---------------------------- -------------- -------------- -------------- ---------
  Glucose, mg/dl               80.3 ± 10      83.1 ± 11.4    82.2 ± 11.3    0.456
  Creatinine, mg/dl            0.84 ± 0.09    0.85 ± 0.12    0.85 ± 0.11    0.777
  eGFR, ml/min/1.73 m^2^       89.3 ± 6.6     85.6 ± 5.7     87.5 ± 7.2     0.951
  Phosphate, mg/dl             3.4 ± 0.6      3.3 ± 0.7      3.5 ± 0.6      0.412
  Calcium, mg/dl               8.6 ± 0.7      8.4 ± 0.6      8.7 ± 0.7      0.096
  Triglycerides, mg/dl         139 ± 38       151 ± 41       142 ± 34       0.432
  HDL-C, mg/dl                 49.7 ± 10.5    45.3 ± 11.6    46.5 ± 9       0.387
  LDL-C, mg/dl                 122 ± 24       127 ± 28       120 ± 29       0.491
  Cholesterol, mg/dl           193.8 ± 31.2   207.8 ± 43.4   203.7 ± 50.3   0.673
  PTH, pg/ml                   39.2 ± 9.8     37.7 ± 8.1     38.8 ± 7.8     0.652
  25-Hydroxyvitamin D, ng/ml   17.02 ± 5.4    24.9 ± 4.8     28.0 ± 5.7     \<0.001
   \<20 ng/ml, n (%)           17 (34)        5 (10)         2 (4)          
   21--29 ng/ml, n (%)         28 (56)        29 (58)        26 (52)        
   \>30 ng/ml, n (%)           5 (10)         16 (32)        22 (44)        

HDL-C = High-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol.

###### 

Univariate correlates of 25-hydroxyvitamin D in the study population

  Variable                        r         p
  ------------------------------- --------- ---------
  Age (years)                     --0.053   0.519
  BMI                             0.151     0.65
  Systolic BP (office) (mm Hg)    --0.329   \<0.001
  Diastolic BP (office) (mm Hg)   --0.395   \<0.001
  Systolic BP (ABPM) (mm Hg)      --0.844   0.004
  Diastolic BP (ABPM) (mm Hg)     --0.567   0.005
  eGFR (ml/min/1.73 m^2^)         0.2       0.425
  Glucose (mg/dl)                 --0.084   0.305
  Creatinine (mg/dl)              0.130     0.112
  Calcium (mg/dl)                 0.160     0.160
  Phosphate (mg/dl)               --0.124   0.131
  PTH (pg/ml)                     --0.143   0.81

###### 

Independent predictors of RH in multivariate logistic regression analysis

  Variable                           β       95% CI         p
  ---------------------------------- ------- -------------- ---------
  Age (years)                        0.963   0.903--1.028   0.258
  Sex                                1.413   0.437--4.570   0.564
  BMI                                1.178   0.970--1.431   0.9
  eGFR (ml/min/1.73 m^2^)            0.920   0.834--1.151   0.705
  PTH (pg/ml)                        0.985   0.923--1.051   0.646
  25-Hydroxyvitamin D (ng/ml)        0.660   0.572--0.760   \<0.001
  LDL-C (mg/dl)                      1       0.978--1.023   0.985
  Physical activity (MET-min/week)   0.871   0.688--1.102   0.249
  Calcium (mg/dl)                    1.367   0.806--2.318   0.246
  Phosphate (mg/dl)                  0.855   0.372--1.965   0.712

LDL-C = Low-density lipoprotein cholesterol; MET = metabolic equivalent of task.
